BaCkgrOUnD/OBJECTIvES: Social perceptions are influenced by dental appearance. The aim of this study was to determine whether social perceptions of a young adult are influenced by orthodontic retainer design and appearance. MaTErIalS anD METhODS: Following ethical approval, a pilot-tested questionnaire study was conducted with 402 third-level students from the republic of Ireland. Each participant was invited to look at one randomly allocated colour full-face smiling photograph of a young adult male or a young adult female wearing one of five maxillary retainers and asked to make judgements on a likert scale concerning the subject's social competence (SC), psychological adjustment (Pa), intellectual ability (Ia), and attractiveness. Five computer-modified standardized photographs of each subject wearing each of the following retainers were used: Essix, conventional hawley, acrylated hawley, and Begg; an image with no retainer simulated a bonded retainer (Br) appearance. Statistical analyses were performed in SaS® (version 9.2). rESUlTS: no significant differences were found between the retainers for SC (P = 0.6741) and Pa (P = 0.7217). In the male subject only, greater perceived Ia was found with the Br appearance compared to that of the conventional hawley (P = 0.0018) or the acrylated hawley (P = 0.0016). The Br appearance was perceived as more attractive than that of the Begg retainer (P = 0.0103). lIMITaTIOnS: In this study, participants were required to make arbitrary judgements on a single image, which may not be a complete representation of a person. COnClUSIOnS/IMPlICaTIOnS: Social perceptions were found to be influenced by retainer design and appearance. This may be a factor in determining retainer choice.
Introduction
Attractive people are considered to be more intelligent, sociable, successful, and happier (Dion et al., 1972) . Facial appearance plays a considerable role in the determination of physical attractiveness with the appearance of the smile and teeth recognized as important features in determining facial attractiveness (Kershaw et al., 2008) . A pleasing dental appearance, for example, is considered a requirement among some professions and prestigious occupations (Jenny and Proshek, 1986) .
Dental appearance not only influences facial attractiveness but a number of personality traits can be inferred from it, particularly among adults . A good dental appearance produces positive perceptions of personality traits (Shaw, 1981; Shaw et al., 1980; Shaw et al., 1985) . Negative perceptions may have a deleterious impact on the social and emotional well-being of the individual (Kerosuo et al., 1995; Jeremiah et al., 2011) . Adults with normal occlusions have been rated more positively for attractiveness, intelligence, and personality (Olsen and Inglehart, 2011) . Adults with no visible dental caries were considered to be more socially competent, to show greater intellectual achievement and to have better psychological adjustment (Newton et al., 2003) .
Visible incisor trauma, tooth colour, the extent, and location of visible dental disease have all been shown to influence social perceptions (Feng et al., 2001; Kershaw et al., 2008; Rodd et al., 2010; Karunakaran et al., 2011; Somani et al., 2010) .
Adults are increasingly undertaking orthodontic treatment as a result of improved dental and orthodontic awareness as well as the increasing usage of more aesthetic appliances (Scott et al., 2007) . Although recent studies (Ziuchkovski et al., 2008; Rosvall et al., 2009) found that lingual and clear aligners were judged more attractive and acceptable than ceramic and stainless steel brackets among adult patients, standardized images of the lips and teeth only were used and assessment was not made in the context of overall facial attractiveness.
Little information exists on whether adults make any social judgements about their peers in relation to orthodontic appliance wear (Patel et al., 2010) . A recent UK investigation found that the judgements a young adult makes about the personal characteristics of another young adult were influenced by dental appearance and orthodontic appliance design (Jeremiah et al., 2011) . Greater perceived intellectual ability (IA) was associated with the appearance of no appliance (simulating a lingual appliance) compared with steel or ceramic appliances. There were no differences, however, between the appliances for social competence (SC) and psychological adjustment (PA).
Although Shaw et al. (1980) found that 39 per cent of participants devised a nickname for a child wearing a Hawley retainer, little evidence exists assessing the influence of orthodontic retainer design and appearance on the social perceptions of a young adult. As an initial period of full-time wear of removable retainers may be prescribed by more than 70 per cent of orthodontists (Valiathan and Hughes, 2010; Meade and Millett, 2013) , knowledge of possible negative social perceptions associated with retainer wear is an important factor in retainer choice.
The aim of this study, therefore, was to determine whether social perceptions of a young adult are influenced by orthodontic retainer design and appearance.
Materials and methods
Ethical approval for this study was granted from the local Ethics Committee. One adult female and one adult male with harmonious facial proportions were recruited. Both were Caucasian, aged 18-25 years, possessed no significant malocclusion and were free of oral pathology.
The following maxillary retainers were fabricated for each subject:
• Essix retainer • Hawley retainer with conventional stainless steel labial bow
• Hawley retainer with acrylated labial bow • Begg retainer.
Four images were taken of each subject, smiling to expose as much of the maxillary anterior teeth as possible. Each image included one of the four retainers in situ. A fifth image with no retainer was also taken. This simulated the appearance of a maxillary bonded retainer (BR).
Computer-aided manipulation, using Photoshop software (Adobe Photoshop CS, version 8.0; Adobe Systems Inc., San Jose, CA, USA), facilitated production of five standardized full face colour images of each subject that differed only in the retainer each was wearing. All images were printed onto size A4 170gm Core™ photographic paper (Figure 1) .
The questionnaire used in this study was adapted, with permission, from a validated questionnaire that was used in an investigation determining the social perceptions of adults wearing orthodontic appliances (Jeremiah et al., 2011) . It contained 10 statements (Table 1) . Statements 1, 2, and 9 addressed SC; 3, 4, and 10 addressed IA; 5, 6, and 7 addressed PA; and 8 addressed attractiveness. Participants were asked to tick the response that most closely matched their opinion. Responses were given on a five-point Likert scale for statements 1-8 (with anchors from 'strongly disagree' to 'strongly agree') and yes/no/don't know for statements 9 and 10.
Participants, in addition, were requested to provide information on their gender, age, ethnicity, dental attendance frequency (Todd and Lader, 1991) , self-rating of own oral health (Atchison and Gift, 1997) , self-history of previous orthodontic treatment, and orthodontic retainer wear (if applicable).
Pilot testing of the questionnaire was undertaken prior to the main study to determine its acceptability (Williams, 2003) and was carried out in three stages-pre-piloting among the authors' peers and two cycles of piloting among 12 adults aged between 18 and 25 years. This ensured clear understanding of the questions and established the approximate time taken to complete the questionnaire (5 minutes). Appropriate adjustments were carried out based on comments made.
The sample size calculations, in this survey, were based on differences found in the UK study investigating the perceptions of fixed appliances (Jeremiah et al., 2011) . In this study, the sample size had in excess of 80 per cent power to replicate the differences. All participants were arts, social science, and healthcare students attending three thirdlevel Republic of Ireland (ROI) educational institutions (University College Cork, Cork Institute of Technology and Trinity College Dublin). Permission to carry out the survey among the students was granted by the heads of the relevant departments.
Third-level students were chosen as they represent the peer group in terms of age (18-25 years) of the subjects. The study was conducted at 6 time-points, in 6 lecture theatres (at the end of a teaching period in all cases) over 2 weeks in March 2012. It was carried out using a standardized protocol. Participants were not stratified and those with severely impaired vision were excluded. The students were told completion of the questionnaire should take no longer than 5 minutes and that participation was anonymous and confidential.
All potential participants were given the option of not participating, but to encourage response rate, a ticket for entry into a prize draw for €50 was enclosed with each questionnaire. Prior to distribution of the survey, students who consented to participate were requested to sit apart if empty seats were available. They were instructed to respond to the statements about the photograph before they answered the additional questions. Each participant was randomly assigned an envelope containing a single photograph, questionnaire, and prize draw ticket. All had an equal chance of being assigned one of the ten photographs. The purpose of the questionnaire was withheld from the participants until all questionnaires were completed, at which time-point they were again given the option of withdrawing. Once completed and collected, the responses to the questionnaire were transferred to an Excel spread sheet for statistical analyses.
Statistical analysis
The demographic characteristics of the participants were expressed in frequencies. Scores for SC, IA, PA, and attractiveness (characteristics) were obtained by summing the response 'scores'. Responses related to the negative attribute 'introversion' had the scoring reversed. Higher scores indicated a higher rating of the attribute.
Each characteristic was analysed using an analysis of covariance (ANCOVA) model. Retainer type, participant/ rater gender, and subject gender were included as fixed main effects. All two-way interactions between these factors were included. The participant's age was included as a covariate. Ethnicity, frequency of dental appointments made, self-rating of own oral health, and history of orthodontic treatment/ worn braces were included as fixed main effects.
Where a difference was found between retainer types or any other main effect, all pair-wise comparisons were made, correcting for multiple comparisons using Sidak's adjustment. Where a difference was found between retainer types within gender (a significant interaction), all pair-wise comparisons were made within gender, correcting for multiple comparisons using a Bonferonni adjustment.
Further sub-analyses were performed as follows: first, only for those who had orthodontic treatment/wore braces in the past, to assess the effect of being provided with a retainer or not. Second, only for those who had orthodontic treatment/wore braces in the past and who had been provided with a retainer to assess the effect of still wearing the retainer or not.
A 5 per cent level of significance was used to assess the main effects, the covariate, and the interactions. Residual analyses were performed confirming normality and equality of variance of the residuals of the ANCOVA models. All statistical analyses were performed in SAS® version 9.2 (SAS Institute, Cary, NC).
Results
No student withdrew at the end of data collection. Figure 2 summarizes the distribution of questionnaires. Twentyseven questionnaires were excluded for not meeting the inclusion criteria for age. No data were missing for gender or age although not all questions were answered by all participants. Table 2 shows the number of participants Table 3 shows the mean summed score for each retainer for the four characteristics. Each characteristic was analysed using an ANCOVA model. No significant differences were found between the retainers for SC (P = 0.6741) and PA (P = 0.7217). Table 4 outlines the significant effects only within the four characteristics when an ANCOVA was undertaken. For IA, there was a significant difference between retainer types that depended on the gender of the subject (P = 0.0059). Females, in addition, gave higher scores than males (P = 0.0350). Pair-wise comparisons of each retainer type within 'gender of the subject' were performed and showed the BR scored significantly higher in the male subject over the Hawley retainer (P < 0.0018) and acrylated Hawley retainer (P = 0.0016; Table 5 ).
For PA, an interaction was found between the gender of the participant and the gender of the subject (P = 0.0255). Males rated the male subject (total summed mean score: 9.88; SD = 1.60) higher than the female subject (total summed mean score: 9.38; SD = 1.92) and females rated the female subject higher (total summed mean score: 11.21; SD = 1.55) than the male subject (total summed mean score: 10.93; SD = 1.70). Older participants gave higher scores (P = 0.0115) and 'White Irish' scored higher than 'White other' (P = 0.0274).
For attractiveness, the BR had a higher mean score than all the other retainer types. The difference, however, was only significant when compared with the Begg retainer (P = 0.0103). Older participants gave higher scores (P = 0.0003) and those with 'excellent/very good/good' self-reported oral health gave a lower score than those that reported either 'fair' or 'poor' (P = 0.0371).
For those who had orthodontic treatment/wore braces in the past, there was no effect on social perceptions with regard to whether a retainer was provided (and had been worn or not), or not provided (P > 0.05).
Discussion
This study evaluated whether social perceptions of a young adult were influenced by orthodontic retainer design and appearance. A male and female subject were chosen to determine the influence of subject gender; this differed from similar studies that included subjects of one gender Questionnaires analysed N= 402
Figure 2 Flow chart summarizing distribution of questionnaires (N is number of participants).
only (Feng et al., 2001; Jeremiah et al., 2011; Somani et al., 2010; Karunakaran et al., 2011) . The age range of the subjects (18-25 years) was chosen as this represents the largest category of adult orthodontic patients (Jeremiah et al., 2011) . Personal characteristics (SC, IA, PA, and attractiveness) strongly associated with physical appearance were used for evaluation of social perceptions with the sample size in excess of that in similar studies (Eagly et al., 1991; Jeremiah et al., 2011) . Adapted from a validated questionnaire (Jeremiah et al., 2011) , pilot-testing was undertaken prior to the study to ensure clear understanding of the questions and to establish the approximate time taken to complete the questionnaire (Williams, 2003) . Limitations of the questionnaire are recognized. Participants were asked questions on a narrow range of personal characteristics. For example, inclusion of questions addressing the 'dark side of beauty' (e.g. how smug is the subject) may have allowed a more comprehensive assessment of overall social perception of retainer wear to be reached (Kershaw et al., 2008) . Students attending a wide variety of lectures at three third-level institutions in two Irish cities were chosen as they represented the peer group of the subjects. In addition, third-level students represent more than half of the 18-25 year olds in the ROI as 55 per cent of that age range attend third-level institutions (O'Connell et al., 2006) . To minimize bias, standardized full-face digitally modified images were used (Feng et al., 2001; Somani et al., 2010; Karunakaran et al., 2011; Jeremiah et al., 2011) and the purpose of the survey was withheld from participants until they completed the questionnaire (cue avoidance). Although facial photographs have been shown to be valid, reproducible and representative for rating dental and facial appearance (Howells and Shaw, 1985) , caution is advised. Participants are required to make arbitrary judgements on a single image, which may not be a complete representation of a person (Patel et al., 2010) . As the images in this comparative study differed only in the retainer the subject was wearing, photographs 1  1  0  2  0  0  0  1  0  3  8  Never  18  20  16  25  25  24  20  24  22  24  218  Retainer in past  Yes  13  22  21  10  16  17  15  12  15  17  158  No  2  2  1  2  0  2  0  2  0  0  11  Can't remember  2  1  0  1  0  0  0  0  0  1  5  Still wear retainer  Yes  6  16  13  5  8  10  8  9  10  10  95  No  7  5  8  5  7  5  6  3  5  7  58  What retainer  Bonded  1  3  4  2  1  5  0  4  2  5  27  Essix  7  8  10  3  10  5  10  5  6  6  70  Hawley  4  11  6  4  5  7  5  3  7  6  58  Other  1 were considered appropriate to the aim (Jeremiah et al., 2011) . The results indicated that retainer design and appearance influenced the social perceptions of a young adult. The female subject scored more favourably, which was consistent with similar studies (Kerosuo et al., 1995; Olsen and Inglehart, 2011) . Greater perceived IA was associated in the male subject only with the BR appearance compared with the conventional Hawley retainer and acrylated Hawley retainer. A UK study found greater perceived IA with 'no appliance appearance' compared with steel or ceramic appliances; that, however, was in a young adult female (Jeremiah et al., 2011) .
In this study, the BR appearance was considered to be significantly more attractive than the Begg retainer appearance in both subjects. The relative rarity of the latter retainer type may account for its associated negative social perceptions. No significant differences, however, between the five different retainers were found for SC and PA, which was similar to the UK finding evaluating different orthodontic appliances (Jeremiah et al., 2011) . Participant age and gender appeared to influence perceptions of the subjects. The participants in this study were young adults and may have been more prone to making harsh social judgements of others (Somani et al., 2010) or conversely, may have modified their judgements to what they considered to be socially acceptable (selfmonitoring; Rodd et al., 2010) . This may explain why male participants rated male subjects significantly higher than female subjects and female participants rated female subjects significantly higher than male subjects for PA. Lower scores were given by male participants (although this only reached significance with IA), which is consistent with findings elsewhere (Kershaw et al., 2008; Patel et al., 2010) . As this was a comparative study, absolute scores were not of primary interest. The higher scores given by older participants (for attractiveness and PA) conform with current evidence (Kiekens et al., 2008; Olsen and Inglehart, 2011) .
Self-rated oral health was not found to have an effect on the final results for PA, SC, and IA, which is in agreement with findings in similar studies (Kershaw et al., 2008; Jeremiah et al., 2011) . Those who self-rated their oral health as 'excellent/very good/good' gave lower scores for attractiveness. This may have indicated a view of a subgroup, which may be more sensitive to dental appearance.
No differences existed for the characteristics among the participants with regard to whether or not they had or were currently having orthodontic treatment or whether they had been prescribed a retainer or not. This may reflect the increasing and common-place wear of orthodontic appliances (Patel et al., 2010) .
In addition, 'White Irish' participants gave higher scores than 'White other' for PA. Kiekens (2008) indicated that individuals from different countries may have different perceptions of dentofacial aesthetics. Agreement among different ethnicities in the three remaining characteristics may indicate a growing universal acceptance of retainer wear.Current evidence suggests that part-time wear of removable retainers may be sufficient to maintain postorthodontic treatment stability (Gill et al., 2007; Shawesh et al., 2010; Jäderberg et al., 2012) . Recent surveys have shown, however, that most orthodontists advised an initial period of full-time wear following comprehensive orthodontic treatment (Valiathan and Hughes, 2010; Meade and Millett, 2013) . The results of this research, therefore, provide important information on the choice of retainer after orthodontic treatment. Social perceptions of a young adult were influenced by retainer design and appearance. As a result, social interaction and consequent psychosocial well-being may be adversely affected. Further research is required to ascertain how precisely unfavourable social perceptions engendered by retainer design and appearance impact upon the individual's self-perception (Kissler and Bauml, 2000) .
Conclusions
• Social perceptions were found to be influenced by retainer design and appearance.
• This may be a factor in determining retainer choice.
